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II; X’I’I;’41)) 1) AllS’U’ll AC:’J’

A It IZIj OI illgrcdicllt, of a succ.rMfIIl  largi s{ tIl~ L’if III Illar l)~l);!lnics  (Nfl )) sill)llltitioll is aIl cflicicvlt co~n])utatiollal
st,rat,cgy  for illlcgrat,illg  {,]Ic cqua(,io~ls  (If IIUIt  i(,]l  ( 1 011 ] ‘J’IIc  sil II] I]cs{ aIId II IIISt \vidc]y u s e d  Ml) rnct}lods CIII]~]Oy
Cartcsia]l  coordillatm,  sc) that tjllc l’X)hl f(j) :, $.} ,(I I I I  i~)l !I al(IIIIS i s  wrillrl I as AfC~ ~ 1“, wllcre X a]Id 1’ C W“
arc t}le v e c t o r s  of (;arlcsi all c.ocmdirlatrs  ;III(I 1  II I  f II  t H Ir’c  js a 37/  X371 dia,gollal lIIrrss Illatrix,1  ,Ilg(lll 111(  at?(:) lll~>,  :.11(! ,

‘J’llis a]~~)rcxrcll liI]lik  the size of t,llc iilll~ s(( II ill I II( ill ~ [I,ratioll {I( tlIc I;ohl, t Il}is i~jcrcasing,  tllc cc)~rl])utatiol] til[lc.
AII altcr]lativc  a])], Icmc]I is to solve t]I,  IX)KI  1), ill, ill:, r~],])cil co~lstraitlt% (III t}, r ~~artesiall  coc)rdillates o f  a l l
o r  ccrt,aill  a{oI]m. ‘J’o this  cnld, all cflici(, ]lt aIId 1,:11 IIr,I >clIclII(  i~ to writr  111( 1 ~OM if I ?“rttcmrrl  coorrfinut  es. F’or a
IIlc)lccular  systcltt  wit]} 7~/ collsh-aillts  alcl .l’ 1 )( !I, lclta! dc~, Iccs (Iffrccd{}lll,  tlIe l;oh4  is tlICII givcll l)y

.Iio .7 ((?,<)) (1)

wllrm M c T‘NXN i s  ttltc ll-raSS I[latrix Q ( !/;’ IS t] vccto] (if irllrr]~al  c[,[~](li]iatcs,  aIIcl .7”(Q, Q) C W i s  t}lc
vrxhr  of ~lo]lli]lrar  ter]l]s a]ld  irltcrac.t,it]ll  ])(ItI IIt  Iti 1 JII II IaIIy  IF(IIIt aJ)JIICI;I(  II(,.  tlIc l,a~,ra~lgia]l  ]rlct,llod  is IISCCI  fc,r
solvi]lg  (1)  ill w]lic.]1 first tlIc I[latrix M is (j/,1/{ ,//(; t lll]~utt{l a!Id t,hr]j tllc iillra] syslcl  II i~l (1)  is  so]vrd, lcadillg
to  aII ove ra l l  collll)lltatic)llal  colli])lcxit~ 01’ ()(? ‘~ ,1 i lIoug,l  I t IICSC  zi})~)r(~fi(  IIw cIialJlc t,l Ic  usc o f  a  II Iuclt l a r g e r

tilllc sk]I, tllcir O(AT:’) mst i s  a rIIaj(II IIlllilil,y l’; 1(, lCIr silrllllat,i(~]l (If Iar/;(  II IOlCCLIlar  sys(,crIIs. Mc)st rccc])tly,

]cveragi))g  ad~w],  ccs  i], ,Ilultibody  dyj,a],,ic.>  , 1;: II (  ‘(.’1’ ) ; l~!o]ill}fll  lIas )(CII  ]lr(l~)(w( 1 for so]vi~l~ (1) wl]ic.]1 avoids tllc
rxl)licit collt])ut,at,ior[  arlrl irlvcrsicjrl  of rflat[j>, ,j\4 ‘1 }11 tllai]l rilav;l)a(k (If  tlli~.  ()(A) alp,orit,llrli  is t,l)at it is st7ictly
segvcniial,  i.e., regardless of tlIc rlullllxl c~f ]11(  I< ~j II. ( rll])lc)ymi, o]Ily a vcr)’ li]llitcd slIccclulI  i]] i t s  c.olil]]utatioll
call  k aclllcvcd. ]Iowcvcr, it, is c.lcar tlI; Ii f(lr bi II II:, t i(:, of lar~~r 111) sy:.tcrlls irl a 7/io,$.sit,cly- j,arallcl c-7/7Jz707171Lcnt,
arl cflicicllt ]]arallc]  solutior) of (1 ) is tll( I.(y,

Motivated })y this analysis, UC lla\[ 1( (1 Hi j, (l(\l’:l]K’ri  111{ (klJIRt Jiilll[ ]  ‘(lr([ ((; ]4’) a]gOri~]llll Wf]li C}l diffC’rS

fro],  ] tlIc ])rcvious C)(AJ) alg,c)rit,])li~s  ill t}llil it I., ,;,.. ,; III a ral}j(l LIJ)(c]]lvttlli(llltil strategy for solvilig (l). III our
zrl,gorit,llrtl  a rlcw faciorizatioll  of t,l Ie irlv( rs( (Ij 1 t! II, as rllatri>. .A4 ir) l)Ir f(lrtll (If ,$’rht/J Comp/r7/1c7Lts  is derived as

,A’f  ‘ (’ l?./l ] 1<, (2)

wllcrc f dmlotrs t,l Ic tralls])osc, d ~ W ‘x” ‘i ,  f [ !1/’ l“X1’F, aIId L’ ~ $“’l(>:J’N ar( l)lc)c.k tridiag,ollal  lnat, riccx+,
11 is tllc IIultll,cr  of dc,grccs of frrwlol[l (II [ii[ II 1~1 {1,, :: [1 l] -[ /{ : (i. lf’r(~]lj (2) aIId ( l ) ,  we t}lc]l IIavc

I (3)

A  scqumltial  iltt])lc~ltcllt,at,io~] o f  tl)c (;1 alp,(lti{t III i  [ l;q. (3)$ i)l~(,lvcs ;I r(wt of C)(AT). IImwvcr,  tlIc rllai]l
advatitap,c of tlw Cl: algoritl)r]i is tl)at it ( fiII 111 I{jlj; ~ ,, (1/lc/?2rd rcsu)tiil:,  it) a  1)0(11  tilt]c- ar)d ])rticcssor-o]~  tiTtlal
]Iarallcl algoritllrt]  fol sc)lut,imi c)f (1). ‘J’ll;, t i: ,  :i II  !  )( / (J! .)i  )  a]p,(,rll)l]rl  lIy US  IJ III, C)(A )  ])rclccssc)rs. III additicnl to its
tllcorctica]  sig]lificallc.c l~y ac.llicvir)g  for tllr fi7:l I I III SII II oj)t ilt]al lxIul  Icls ill s(,lvill~,,  (1 ), ilIc I)arallcl Cl) algori thm
i s  also ]Iigll]y  c.f[ic,ic,llt, for il]}])]c]lle]it,ati(]ll  1)11  ( II r~;iJlj II)assii,dy  ])aIall[,l  h! lhl 1 )  arcllitrc.t,urcs  clur  to i t s  corrrsc
grair]  sim rilId sill]],lc ccllI]TI)llllicatic~ll strl)ct[lr(

III t)iis ],a]mr  wc d i s c u s s  t,hc tllcmr~~ic~l fmrl,(l;;ti[  I I  c,f tlIP (;lr algori[llll,  arl,~ i t s  a~)],licatiorl t,o large scale
N41J silllulatiolk. wc a l s o  d i s c u s s  tlw cx(+llsi{~], t)’ tl)~ ( I alp,orittiln t(l systclf]s wit]l  diflcrrmt a~ld ~norc corII])lrx
to]~ologics, ‘J’ltc results of ]]rac.tic.al itll],l,~llfl,t II 11111 If tl,r I)mdlc]  (;1’ al{:ori[lll]]  (,II arl MIMIJ (32  IIOCICS)

IIy}wrcul]c  arcllitccturc are a]so ])rcscllt((l, I’1( al.: h.cuss JIII lrc r~ccrlt  illi]llctllc]lt atiol] o f  tl)c alg,oritlllrl OII
h4]h’f])  arC]likt,UJT!S Wi~ll ~ r31UCll &’Cak! ll\\l,l\)I J  <)( }11,  ~ !W+rh,

WC will also briefly d i s c u s s  t,],c ],(,t~ III i;;l I(I [ ,wj)]i~lf,  tllr (~1’ al{,,oliltllll wit])  t,l Ic sc)-called treccodcs
algoritll)lt]s for t)tc cvaluat, io]] tllc force t( JIII .7 ((/ (;J) ( }IIr of us (<l KS) }Iiis dclli(]ristratcrl  lligljly cflicimlt parallc]
illl])lc~llcrltati(jll of ~)(A7) a~ld O(N1.  og A’ ] alp,t IrI 11111. f,,r c,ol!l])~]t,ill[,  t,],c f(,J(  (s ])ctwccll  a]] l]airs o f  )mdics  irl
ast,ro]]]jysic,al  syst,crlls, ‘J’]Ic salllc ]I]at,]jc]ll;iti[;t]  ;, II I ( IJII Iitat,jo]jal  tcc}lJliqllc<  II I;I} ]IC IIS{(l jr]  a rl]o]ccu]ar dy]la]llics
scttil]g,  rcsu]tillg  ill g,rcatly clccrcascd  ci’tilllati{))~ 111111 {( tile ri{,l)t-lltil(i sid( IIf lk]. ( 1 ) .


